INFORMATION PROCESSING APPARATUS HAVING AN INTERRUPT FUNCTION 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present Invention relates to an information 
processing apparatus that operates with a clock having a shorter 
period than another clock having a predetermined period when 
the information processing apparatus receives an interrupt 
request signal. 

2. Description of the R elated Art 

In order to reduce power consumption during a stand-by 
condition of an information processing apparatus, the 
information processing apparatus generally has a high speed 
clock generating circuit for generating a high speed clock and 
a low speed clock generating circuit for generating a low speed 
clock . 

In the stand-by state, a low speed clock is supplied from 
the low speed clock generating circuit to a central processing 
unit (CPU) of the information processing apparatus so that power 
consumption is reduced. The high speed clock generating 
circuit is in a deactivated state when the low speed clock 
generating circuit is operating. 

An interrupt request signal is sent to the information 
processing apparatus before data to be processed by the 
information processing apparatus is fed to the information 
processing apparatus. Upon receiving the interrupt request 
signal, the CPU of the information processing apparatus starts 
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preparation for an interrupt operation. When the preparation 
is complete, the CPU outputs a control signal, as an oscillation 
start signal, to the high speed clock generating circuit via 
a clock switching circuit. The control signal is a signal to 
activate the high speed clock generating circuit. Upon 
receiving the oscillation start signal, the high speed clock 
generating circuit starts producing a high speed clock. The 
resulting high speed clock is supplied to the CPU via the clock 
J^* switching circuit instead of the low speed clock. The CPU then 

y starts a high speed operation to conduct the interruption. 

|3 In the information processing apparatus , the oscillation 

>P start signal is supplied to the high speed clock generating 

«f circuit from the CPU. During the preparation time from when 

ly the CPU accepts the interrupt request signal to when the CPU 

IS completes the preparation, therefore, the CPU does not issue 

|1J| the oscillation start signal. In addition, the high speed clock 

generating circuit produces a stabilized high speed clock when 
a certain time required for stabilizing the oscillation elapses 
after receiving the oscillation start signal. Consequently, 
the total waiting time from when the CPU receives the interrupt 
request signal to when the CPU receives the stable high speed 
clock and initiates the interruption includes the above- 
mentioned preparation time and the high speed clock 
stabilization time (i.e., oscillation stabilization time). 
The conventional information processing apparatus therefore 
requires a relatively long waiting time, which is the sum of 
the preparation time and oscillation stabilization time, until 
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starting the interruption after receiving the interrupt request 
signal. 

SU MMARY OF THE INVENTION 

An object of the present invention is to provide an 
information processing apparatus that can reduce a waiting time 
from reception of an interrupt request signal till an actual 
start of interruption. 

According to one aspect of the present invention, there 
J*^ is provided an Information processing apparatus that can 

^'f. perform interruption comprising a central processing unit (CPU) 

that operates with one of a first and second clock, a second 

w 

clock generating circuit for generating the second clock upon 
receiving a start signal, a clock switching circuit for normally 
I'J supplying the first clock to the central processing unit to 

fij cause the central processing unit to operate with the first 

lU clock and for supplying the second clock, instead of the first 

clock, to the central processing unit to cause the central 
processing unit to operate with the second clock if a 
predetermined condition is met , and an interrupt control 
circuit for supplying the start signal to both the central 
processing unit and the second clock generating circuit when 
the interrupt control circuit receives an interrupt request 
signal. The second clock has a shorter period than the first 
clock. The start signal is supplied to the second clock 
generating circuit without passing through the central 
processing circuit. The start signal is a signal to cause the 
second clock generating circuit to produce the second clock. 
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and to cause the central processing unit to start the 
preparation for the interruption. 

When the Interrupt control circuit receives the interrupt 
request signal, it feeds the start signal to both the central 
processing unit and the second clock generating circuit at 
(substantially) the same time. When the central processing 
unit receives the start signal, it starts preparation to cope 
with a changeover from the first clock to the second clock (i.e. , 
preparation for the interruption) . Meanwhile, when the second 
clock generating circuit receives the start signal, it starts 
producing the second clock. The clock switching circuit 
introduces the second clock, instead of the first clock, to the 
central processing unit when the predetermined condition is 
met; for instance, when the longer of the two times elapses, 
the time spent by the central processing unit for the first- 
clock-to-second-clock changeover preparation, and the time 
spent for stabilization of the second clock generated by the 
second clock generating circuit. 

Therefore, if the interrupt control circuit receives the 
interrupt request signal, the central processing unit initiates 
the preparation for the interruption at the same time the second 
clock generating circuit initiates the production of the second 
clock. In other words, the preparation for the interruption 
and the production of the second clock proceed in parallel. It 
is then possible for the central processing unit to perform the 
interruption (i.e., to process interruption data) when the 
central processing unit completes the interrupt preparation or 



the oscillation of the second clock becomes stable, whichever 
elapses later . This reduces the waiting time from the reception 
of the interrupt request signal to the start of the interrupt 
process as compared with the conventional apparatus. 

According to another aspect of the present invention, 
there is provided an information processing apparatus that can 
perform interruption comprising a central processing unit (CPU) 
adapted to operate with a first clock, a second clock generating 
circuit for generating a second clock upon receiving an 
interrupt request signal, and an interrupt control circuit for 
storing interruption data in accordance with the second clock, 
and for supplying a start signal to the central processing unit 
upon receiving the interrupt request signal, to cause the 
central processing unit to start preparation of the 
interruption and feeding the interruption data to the central 
processing unit after the central processing unit completes the 
preparation of the interruption such that the central 
processing data performs the interruption with the interruption 
data. The second clock has a shorter period than the first 
clock . 

When the interrupt control circuit receives the interrupt 
request signal, it outputs the start signal to the central 
processing unit so that the central processing unit is informed 
of the request for the interruption. Upon receiving the start 
signal, the central processing unit starts the preparation for 
the interruption in accordance with the first clock. 

When the second clock generating circuit receives the 



interrupt request signal, on the other hand, it starts producing 
the second clock substantially at the same time the central 
processing unit starts the preparation for the interruption. 
The second clock generating circuit then supplies the second 
clock to the interrupt control circuit . It should be noted that 
the second clock oscillation needs a certain time for 
stabilization. When the interrupt control circuit receives 
the stabilized second clock, it operates in accordance with the 
1** second clock. The Interrupt control circuit may have a storage 

0- to temporarily store the interruption data in accordance with 

m 

,p the second clock. When the central processing unit completes 

u 

>P the preparation for the interruption, the interrupt control 

h 

J, circuit may successively transfer the interruption data to the 

pi central processing unit from the storage. 

ill 

iv| Therefore , as the interrupt control circuit and the 

ly second clock generating circuit receive the interrupt request 

signal, the central processing unit starts the preparation for 
the interruption and at the same time the second clock 
generating circuit starts the generation of the high-speed, 
second clock. As a result, the interruption preparation by the 
central processing unit and the stabilization of the second 
clock oscillation proceed in parallel. The interrupt control 
circuit can temporarily accept in the storage the interruption 
data, which is transmitted to the Interrupt control circuit at 
a high speed, without waiting for completion of the interruption 
preparation of the central processing unit which operates with 
the low- speed, first clock. Since the interruption data is 



6 



successively supplied to the central processing unit from the 
storage at an appropriate rate, the slowly operating central 
processing unit can yet process the interruption data without 
causing an overflow of data. The data overflow would possibly 
occur if the interruption data were directly supplied to the 
central processing unit at a high speed. The interrupt control 
circuit that operates with the second clock at a high speed (i.e. , 
shorter period) can completely (i.e., without an overflow) 
receive the interruption data transmitted possibly at a high 
speed, independently of the completion of the interruption 
preparation in the central processing unit that operates with 
the first clock. The information processing apparatus can 
therefore obtain the interruption data in a secured manner. 
Since the central processing unit is operated with the first 
clock, the information processing apparatus can perform the 
interruption at low power consumption. 

Since the interruption preparation by the central 
processing unit and the stabilization of the second clock 
oscillation proceed in parallel, the time from the reception 
of the interrupt request signal to the start of the interrupt 
process is reduced as compared with the conventional apparatus . 
Accordingly, the information processing apparatus can start the 
interrupt process earlier than the convention apparatus. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 illustrates a block diagram of an information 
processing apparatus according to a first embodiment of the 
present invention; 



Figure 2 illustrates a flowchart of operation executed 
by the Information processing apparatus shovTn in Figure 1; 

Figure 3 illustrates a timing chart of operation executed 
by the information processing apparatus shown in Figure 1; 

Figure 4 illustrates a block diagram of an information 
processing apparatus according to a second embodiment of the 
present invention; 

Figure 5 illustrates a flowchart of operation executed 
by the information processing apparatus shown in Figure 4; and 

Figure 6 illustrates a timing chart of operation executed 
by the information processing apparatus shown in Figure 4. 
DETAILE D DESCRIPTION OF THE INVENTTQN 

Embodiments of the present invention will be described 
in reference to the accompanying drawings. 
First Embodiment; 

Referring to Figure 1, illustrated is an information 
processing apparatus 10 according to a first embodiment of the 
present invention . 

The information processing apparatus 10 is, for example, 
part of a well-known large-scale integrated circuit (LSI), 
which is incorporated in a semiconductor chip. The information 
processing apparatus 10 includes a first clock generating 
circuit 11 for generating a first clock, a second clock 
generating circuit 12 for generating a second clock faster than 
the first clock (i.e., having a shorter period than the first 
clock), a clock switching circuit 13 for receiving the first 
and second clocks and selectively outputting one of the first 
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and second clocks, a central processing unit (CPU) 14 operated 
with the first or second clock supplied via the clock switching 
circuit 13, and an interrupt control circuit 15 for issuing a 
start signal to the CPU 14 and the second clock generating 
circuit 12 when the interrupt control circuit 15 receives an 
interrupt request signal from inside or outside of the LSI prior 
to reception of data to be processed in the information 
processing apparatus 10 . The start signal is a signal to cause 
the CPU 14 to initiate preparation of the interruption and the 
second clock generating circuit 12 to initiate generation of 
the second clock. 

The first clock generating circuit 11 is activated, for 
example, at the same time the information processing apparatus 
10 is activated. The first clock is supplied to the CPU 14 from 
the first clock generating circuit 11 via the clock switching 
circuit 13. The CPU 14 receives the first clock and is kept 
in a stand-by condition when the CPU 14 is in a halt mode. 

The second clock generating circuit 12 is in a non- 
oscillation state and does not produce a second clock when the 
CPU 14 is in the halt mode. If the second clock generating 
circuit 12 receives the start signal from the interrupt control 
circuit 15, the second clock generating circuit starts 
oscillating to produce a second clock. 

Upon receiving the interrupt request signal, the 
interrupt control circuit 15 Issues the start signal to the 
second clock generating circuit 12 so as to oscillate the second 
clock. At substantially the same time, the start signal is also 
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introduced to the CPU 14 from the interrupt control circuit 15. 

The CPU 14 accepts the start signal from the Interrupt 
control signal 15 and starts the preparation for the 
interruption. When the CPU 14 completes the preparation for 
the interruption and the second clock oscillation from the 
second clock generating circuit 12 becomes stable, then the 
clock switching circuit 13 performs a switching operation to 
supply the second clock, instead of the first clock, to the CPU 
14. 

Operation of the information processing apparatus 10 will 
be described in reference to a flowchart shown in Figure 2. 

When the information processing apparatus 10 is in the 
stand-by state, the CPU 14 is in a stand-by condition or in a 
halt mode to suppress power consumption of the CPU 14. During 
the stand- by condition, if the interrupt control circuit 15 
receives an interrupt request signal from, for instance, the 
outside of the LSI, the interrupt control circuit 15 supplies 
the start signal to the CPU 14 and the second clock generating 
circuit 12 to cause the CPU 14 to start the interruption 
preparation and the second clock generating circuit 12 to start 
the generation of the second clock {Step SIO). 

Upon receiving the start signal, the CPU 14 exits the halt 
mode and enters an operation mode (Step Sll) . In the operation 
mode, the CPU 14 starts the preparation for the interruption 
(Step 812) . 

Meanwhile, when the second clock generating circuit 12 
receives the start signal, the second clock generating circuit 
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12 Starts generating the second clock (Step S13). 

The first clock Is already supplied to the clock switching 
circuit 13 from the first clock generating circuit 11. Upon 
receiving the second clock from the second clock generating 
circuit 12. the clock switching circuit 13 switches the clock 
to be introduced to the CPU 14. from the first clock to the second 
clock when the longer of the two times elapses (Step S14) . The 
two times are the oscillation stabilization time required by 
the second clock oscillation to become stable, and the 
preparation time required by the CPU 14 to finish the 
preparation for the interruption. In this particular 
embodiment , the preparation time is longer than the oscillation 
stabilization time. It should be noted that the preparation 
time may be shorter than the oscillation stabilization time in 
another configuration. It depends upon, for example, 
capabilities of the CPU 14 and the clock generating circuits. 

The clock switching allows the CPU 14 to operate at a high 
speed (Step S15) so that the CPU 14 processes the interrupt data 
at a high rate. 

The operation of the information processing apparatus 10 
will be further described in reference to a timing chart shown 
in Figure 3 . 

When the interrupt control circuit 15 admits the 
interrupt request signal (TIO), the interrupt control circuit 
15 feeds the start signal to both the second clock generating 
circuit 12 and the CPU 14 simultaneously (Til). 

Upon receiving the start signal, the CPU 14 is brought 
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Into the active mode from the halt mode and starts the 
preparation for the interruption (T12). 

When the second clock generating circuit 12 receives the 
start signal, on the other hand, the second clock generating 
circuit 12 starts producing the second clock (T13). 

In the first embodiment, therefore, the information 
processing apparatus 10 initiates the preparation for the 
interruption and the production of the second clock at the same 
time, as understood from the timing chart of Figure 3. 

The clock switching circuit 13 performs the clock 
changeover from the first clock to the second clock when the 
longer of the two times elapses. The two times are the time 
spent for the interrupt preparation and the time spent for the 
second clock stabilization. 

As the clock changeover is conducted by the clock 
switching circuit 13, the second clock is introduced to the CPU 
14. The CPU 14 then performs the interruption at a high speed 
on the basis of the second clock (T14). 

The start signal informing the start of the interrupt 
process is simultaneously supplied to the CPU 14 and the second 
clock generating circuit 12. In other words, the second clock 
generating circuit 12 receives the start signal directly from 
the interrupt control circuit 15, not via the CPU 14, and 
initiates the production of the short -period or high-speed 
clock upon receiving the start signal. 

Consequently, the two times, i.e., the oscillation 
stabilization time required to stabilize the second clock 
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oscillation and the preparation time required to enter the 
actual interrupt operation, proceed in parallel. Therefore, 
as the Interrupt control circuit 15 receives the interrupt 
request signal, the second clock is supplied to the CPU 14 
instead of the first clock when the longer of the oscillation 
stabilization time and the preparation time passes. The CPU 
14 which receives the second clock performs the interrupt 
process on the basis of the second clock. 

It should be remembered here that in the conventional 
information processing apparatus the second clock is supplied 
to the CPU instead of the first clock when the sum of the two 
times (the interrupt preparation time and the oscillation 
stabilization time) passes after receiving the interrupt 
request signal. 

In the illustrated information processing apparatus 10, 
on the contrary, the second clock is supplied to the CPU 14 when 
the longer of the interrupt preparation time and the oscillation 
stabilization time passes after receiving the interrupt request 
signal. Accordingly, the time from the reception of the 
interrupt request signal to the start of the interrupt operation 
is reduced as compared with the conventional apparatus. 

Although the information processing apparatus 10 of the 
above described embodiment receives the interrupt request 
signal when the CPU 14 is in the stand-by mode (i.e. , the halt 
mode), the information processing apparatus 10 may be able to 
receive the interrupt request signal when the CPU 14 is in an 
active (or operation) mode to perform a certain operation. 
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It should be noted that the first clock generating circuit 
11 may not be included in the information processing apparatus 
10. More specifically, the information processing apparatus 
10 may be supplied with the first clock from outside. 
Second E mbodiment: 

Referring to Figure 4, illustrated is an information 
processing apparatus 10 ' according to a second embodiment of 
the present invention. 

Like the first embodiment, the information processing 
apparatus 10' is part of an LSI and incorporated in a 
semiconductor chip. The information processing apparatus 10' 
includes a first clock generating circuit 11 for generating a 
first clock, a second clock generating circuit 12' for 
generating a second clock faster than the first clock, a clock 
changeover circuit 13' for receiving the first clock, a central 
processing unit (CPU) 14' operated with the first clock supplied 
from the first clock generating circuit 11 via the clock 
changeover circuit 13', and an interrupt control circuit 15' 
for issuing a start signal to the CPU 14' when the interrupt 
control circuit 15' receives an interrupt request signal from 
the inside or outside of the LSI prior to reception of data to 
be processed in the information processing apparatus 10' . The 
start signal is a signal to cause the CPU 14 ' to initiate 
preparation of the interruption. The interrupt control 
circuit 15' also has a storage 15 'a to temporarily store 
interruption data on the basis of the second clock supplied from 
the second clock generating circuit 12 ' . The interrupt control 
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circuit 15' accepts the interruption data after supplying the 
start signal to the CPU 14' . The interrupt control circuit 15' 
feeds the interruption data to the CPU 14 ' . 

The CPU 14' receives the first clock from the first clock 
generating circuit 11 and operates in accordance with the first 
clock. The second clock generating circuit 12' generates the 
second clock (high speed clock) when the second clock generating 
circuit 12' receives the interrupt request signal. The 
interrupt request signal is directly introduced to the second 
clock generating circuit 12', not via the interrupt control 
circuit 15 ' . 

As disclosed earlier, the interrupt control circuit 15' 
has the storage 15 'a to temporarily store the interruption data 
(data to be processed in the interrupt operation). The 
Interrupt control circuit 15' operates in accordance with the 
second clock supplied from the second clock generating circuit 
12 such that the interruption data is reliably maintained in 
the storage unit 15 'a without causing an overflow of data 
transmitted to the interrupt control circuit 15 ' . 

Operation of the information processing apparatus 10 ' 
will be described in reference to a flowchart shown in Figure 
5. Like the first embodiment, the CPU 14' is in the halt mode 
at the beginning. 

In the halt mode, if the interrupt control circuit 15' 
receives an interrupt request signal, the interrupt control 
circuit 15' supplies the start signal to the CPU 14' (Step S20) 
as in the first embodiment. 
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Unlike the first embodiment , the second clock generating 
circuit 12' does not receive the start signal (I.e., control 
signal via the interrupt control circuit 15' ) , but receives the 
interrupt request signal at the same time the interrupt control 
circuit 15' receives the Interrupt request signal. 

Upon receiving the start signal, the CPU 14' exits the 
halt mode and enters an operation mode (Step S21) as in the first 
embodiment . 

In the operation mode , the CPU 14 ' starts the preparation 
for the Interrupt process (Step S22) as in the first embodiment. 
Upon receiving the Interrupt request signal, the second clock 
generating circuit 12' starts generating the second clock (Step 

523) . 

After the oscillation stabilization time needed for 
stabilization of the second clock oscillation passes, the 
interrupt control circuit 15' receives the second clock from 
the second clock generating circuit 12 ' and starts receiving 
the Interruption data In accordance with the second clock ( Step 

524) . The interruption data Is temporarily stored In the 
storage or memory unit 15 'a. 

The CPU 14' Is successively supplied with the data 
temporarily stored in the storage 15 'a and performs the 
interruption process in accordance with the first clock (Step 

525) . 

The operation of the information processing apparatus 10 ' 
will be further described in reference to a timing chart shown 
In Figure 6. 
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When the Interrupt control circuit 15' receives the 
interrupt request signal (T20), the interrupt control circuit 
15' feeds the start signal to the CPU 14' (T21). 

Upon receiving the start signal, the CPU 14' is brought 
into the operation mode (active mode) from the halt mode and 
starts the preparation for the interruption {T22). 

When the second clock generating circuit 12 ' receives the 
interrupt request signal at the same time the interrupt control 
circuit 15' receives the interrupt request signal, the second 
clock generating circuit 12' starts producing the second clock 
{T23) . 

In the second embodiment, therefore, the information 
processing apparatus 10' initiates the preparation for the 
interruption and the production of the second clock at 
substantially the same time, as understood from the timing chart 
of Figure 6 . 

After stabilizing the oscillation of the second clock, 
the interrupt control circuit 15' accepts the interruption data 
in accordance with the second clock and temporarily stores the 
interruption data in the memory unit 15 'a. When the CPU 14' 
completes the preparation for the interrupt process, the data 
stored in the memory unit 15 'a is successively supplied to the 
CPU 14'. The CPU 14' performs the interruption in accordance 
with the first clock (low speed clock) in order to process the 
data successively supplied from the memory unit 15 'a (T24). 

Since the interrupt request signal is simultaneously 
introduced to both the interrupt control circuit 15' and the 
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second clock generating circuit 12', the second clock 
generating circuit 12 ' starts producing the second clock in 

accordance with the interrupt request signal directly (not via 
the CPU 14') supplied to the second clock generating circuit 
12' . 

Like the first embodiment, the CPU 14' can start the 
preparation for the interruption at substantially the same time 
the second clock generating circuit 12' starts generating the 
high speed second clock. Consequently, it is possible to start 
the Interrupt process earlier than the conventional apparatus, 
after receiving the Interrupt request signal. Thus, the time 
from the reception of the Interrupt request signal to the start 
of the actual Interrupt operation is reduced as compared with 
the conventional apparatus. 

Further, since the Interrupt control circuit 15 ' operates 
with the high speed second clock when receiving the interruption 
data, it is possible for the interrupt control circuit 15' to 
receive all the Interruption data without missing . In addition , 
since the CPU 14' operates with the low speed first clock when 
processing the Interruption data, it is possible for the CPU 
14 ' to perform the interruption with a decreased amount of power 
consumption. 

It should be noted that the first clock generating circuit 
11 may not be included in the infoirmatlon processing apparatus 
10' . More specifically, the information processing apparatus 
10' may be supplied with the first clock from outside. 

It should also be noted that the clock switching circuit 
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13 shown in Figure 1 can be used in the place of the clock 
switching circuit 13 ' in Figure 2 . The clock switching circuit 
13' in Figure 2 does not actually switch the clock. Therefore, 
the clock switching circuit 13 ' may be replaced with a time base 
counter (TBC) . If the time base counter is employed, the clock 
switching circuit 13' may feed the first clock to a watch dog 
timer and/or a pulse width modulation circuit, in addition to 
the CPU 14'. Alternatively, the clock switching circuit 13' 
may be dispensed with because the clock switching circuit 13 ' 
merely transfers the clock to the CPU 14 ' from the first clock 
generating circuit 11. 
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